Introduction
Flesh color in Irish potato varieties ranges from almost pure white to a deep canary yellow. The yellowish tinge of "white-fleshed" varieties is intensified after dehydration, becoming a definite yellow if the tubers have been harvested in an immature state, as is the case with material grown in the south (1, 2) .
This residual yellow color, when it occurred, was at one time considered by the Army Quartermaster Corps to be due to a faulty technique in dehydration and as a result such material was graded downward. It was soon recognized, however, that this yellow color was due to the presence of naturally occurring carotenoid pigments. CALDWELL, BRUNSTETTERT, CULPEPPER, and EzEu (3) showed that 19 "white-fleshed" varieties, representing fully-matured material, averaged 0.021 mg. of total carotenoid pigments per 100 gm. fresh weight, while 3 normally yellow-fleshed varieties averaged 0.138 mg. per 100 gm. fresh weight. This means that when the total concentration of carotenoid pigments is about 1 p.p.m. on a dry weight basis, the yellow color of the dried product will be slight. When the total pigment concentration is about 7 p.p.m. dry weight, the dried product will have a marked yellow color. One of the findings of the present paper is that in the case of the Katahdin variety, harvested in an immature state, there was still a pronounced yellow color in the dried product when the concentration of carotenoid pigments was 3 p.p.m. dry weight.
This paper reports an intensive study of the carotenoid pigments in three samples of the Katahdin variety, with the purpose of separating and identifying as many of the pigments as possible.
Review of literature
Critical work on the number and nature of carotenoid pigments present in Irish potatoes is very scanty. SCHMID and LANG (13) analyzed yellow internal regions of the Kipfler variety in connection with the so-called "yellow-fleck" disease. From the saponified epiphase fraction they isolated a xanthophyll pigment which was purified by adsorption on a CaCO3 column. Its spectral absorption curve had maxima at 4380 and 4660 A, so that they identified the pigment as "beta xanthophyll." A second pigment, isolated from the hypophase fraction by adsorption on CaCO3, had absorption maxima at 4435 and 4725 A, which as the authors noted, are characteristic both of violaxanthin and taraxanthin. Incidentally, these absorption maxima are given by ZECHMEISTER and TUZSON (16) for the beta isomer of luteol. A third pigment isolated from the epiphase fraction by adsorption on A120, showed broad absorption maxima at 4490 and 4770 A and according to the authors resembled the absorption spectrum of alphacarotene.
EuLER, AHLSTR6m, HiiGBERG, and TINGSTAM (4) in a nutritional study of the value of the carotenoid pigments from steamed samples of a number of yellow-fleshed varieties of potatoes grown in northern Sweden, separated carotene by chromatographic adsorption on a column of Brockman's aluminium oxide. The total carotenoid pigments ranged from 0.77 to 2.58 p.p.m. fresh weight, with the carotene content varying from 0.066 to 0.10 parts per million.'
Methods and materials Three grades of petroleum ether, referred to as Sk F, Sk B, and Sk C, were purified by stirring successively with concentrated H2SO4, acid dichromate solution, NaOH, and four changes of distilled water. After stirring with, then filtering through, silica gel the lots of petroleum ether were distilled over solid KOH. Industrial absolute ethanol was used without purification.
Regarding the chromatographic apparatus, two details of design should be noted: (1) the tube in which the adsorbent was packed had a sintered glass filter at the bottom; (2) the tube was jacketed to provide cooling by continuous circulation of absolute ethanol refrigerated by a mixture of solid carbon dioxide and ethanol. This insured chromatographic analyses at a temperature between -500 and -600 F. The adsorbent suspended in Sk F was packed in the chromatographic column by pressure from a tank of nitrogen. After introduction of the sample, the solvent necessary for the development and elution of the various carotenoid zones was forced through the column by this source of pressure. These zones were caught in separate receivers.
An advantage of a refrigerated column is that it permits the use of The data are expressed in terms of optical density which is equal to the difference between the log incident light (Io) and the log transmitted light (I). The density is the product of (a) the specific absorption coefficient, (b) the concentration in grams per liter of solution, and (c) the cell length in centimeters.
The first sample consisted of Katahdin potatoes that had been grown in Maine during the season of 1943. Normal maturing of the tubers was retarded by a cold rainy autumn; in fact the vines had to be killed by spraying with chemicals in order to harvest the crop. Accordingly the amount of carotenoid pigments was sufficiently great to impart a strong yellow color to the dried product. Before dehydration, the strips of potatoes were treated with sulphur dioxide to prevent heat-reddening.
The second lot of Katahdin potatoes was grown in Baton Rouge, Louisiana, in the spring of 1944. It was also relatively immature so that the dried product had a yellow color. Undried potatoes (Sample II) were analyzed as well as potatoes treated with sulphur dioxide after steam blanching and before drying (Sample III).
The preparation of the crude carotenoid solutions, essentially similar for the three samples, is described in the following steps:
1. The samples were extracted with absolute ethanol. SAMPLE After the undried sample was washed, the skin was removed by vigorous rubbing with towels. The sliced sample weighing 8056 gm. was dehydrated and partially extracted with ethanol at about 100 C. for 6 days.
After decanting the extract, the residue was ground under ethanol in a ball mill.
2. The alcoholic extracts were filtered and transferred to Sk F by the addition of excess distilled water, concentrated in vacuo, and washed free of residual ethanol. In the removal of these pigments from the ethanol extract, NaCl was used to break up emulsions and to reduce the solubility of hydroxylated carotenoids in ethanol. Care was taken to remove all the pigments from the ethanol extract. hlowever, the separation of the components of the hypophase fraction from Sample III presented difficulties. Adsorption on a column of confectioners' sugar alone was so great that effective development of different zones was impossible. Excellent separation was obtained on a column of Na2SO4 alone and mixed in various proportions with confectioners' sugar. Thirteen components were developed by elution but in spite of the fact that the column was cooled to a low temperature, only 54% recovery, measured at 4400 A, was obtained. This loss was largely avoided by the use of Na2SOe 10H2O, alone and as a diluent of confectioners' sugar. From a 10-ml. aliquot of a 100-ml. stock solution 21 components, most of them minor in amount, were developed and eluted separately and a recovery of 88%o measured at 4400 A, was obtained.
For the benefit of workers who may desire to use this last absorbent, a few remarks on technique may be helpful. After preparation of Na2SO4 1H20, it was stored under 95%o ethanol. In preparation for a run a portion was placed on a Buchner funnel and washed free of ethanol solution by the use of petroleum ether. The salt was then suspended in Sk F and stirred several minutes in a Waring Blendor. The absence of free water is essential because if present in a refrigerated column it will freeze so that elution becomes excessively slow.
Toward the end of this investigation, preliminary stirring in a Waring Blendor of any adsorbents suspended in Sk F was adopted as a routine procedure, since it greatly facilitated uniform packing of a column, a condition necessary for difficult separations.
In every one of the hypophase fractions of the three samples the first zone to be eluted had essentially the same spectral absorption characteristics. While maxima and minima were lacking in the visible region of the spectrum, there were large and rapid increases in densities as the wave length was decreased to 3400 A, the lower limit of our measurements. The absorption curves for these bottom zones were similar to an absorption curve published by McNIcHaOLAS (10) for a solution of lutein stored 164 days. These zones contained a relatively large amount of colorless impurities, easily soluble in petroleum ether and difficultly soluble in ethanol. The impurities could be readily removed by lowering the temperature of the ethanol solution in a freezing mixture and then decanting. Experiment showed that they were not responsible for the marked absorption in the near ultraviolet region.
Spectrophotometric data on hypophase sub-fractions of the three samples are given in table I. The solvent for the fractions in Sample I was Sk B; for the fractions in Sample II and III, the solvent was ethanol. The wave lengths of the maxima, minima, and shelves or plateaus are tabulated together with their relative densities (R.D.) based on the densities of the principal maxima. The fractions or zones are numbered according to their relative adsorbability. The smaller the number, the less was the adsorbability of the pigment and the nearer its position to the bottom of the column.
In Sample III, a number of chromatographic analyses were made involving different columns; the numbers here denote relative ease of adsorption. Fractions omitted fall into two classes: (a) those that appeared to be mixtures and (b) those with concentrations so low that only a few readings could be obtained.
LUTEIN
Fraction 4, Sample II (with ethanol as a solvent) showed good agreement in details of absorption with the curve published by ZSCHEiLE, WHITE, BEADLE, and ROACH (18) with the exception that the maximum at 4775 A anid the milnimum at 4623 A were displaced slightly toward the ultraviolet.
Fraction 3, Sample I also was lutein. The absorption curve indicates that in this case stereoisomers of lutein were present. According to ZECH-MEISTER alid TuzsoN (16) In the processing of Sample III, the strips of potato tissue were steamblanched for 7 minutes, then placed immediately in a sulphurous acid solution (0.25%) for 30 seconds. As a result the dried product had a pronounced taste, and the initial alcoholic extract had a pronounced odor of sulphur dioxide. As previously stated, the hypophasic pigments with the exception of the first fraction were adsorbed on a column of confectioners' sugar far more strongly than the hypophasic pigments of the other two samples. This pronounced increase in adsorption may be interpreted as due to an increase in the number of hydroxyl groups in the various carotenoid pigments of this sample, a chemical change which need not necessarily be accompanied by more than slight changes in the absorption spectra. These considerations, along with the presence of a shelf instead of a maximum and a minimum in the region 4200-4260 A, appear to rule out Fraction 6, the first major hypophasic fraction of Sample III, as lutein.
Fraction 5, Sample II, was adsorbed immediately above lutein and its absorption curve was closely similar to lutein. The chief difference was the absence of a maximum and a minimum in the region 4200-4260 A. Consequently, this fraction is tentatively identified as isolutein.
FLAVOXANTHIN
This pigment, it will be recalled, was first isolated by KUHN and BROCK-MANN (9) from Ranunculus acer (buttercup). KARRER and JUCKER (5) showed that its molecule has two hydroxyl groups, and that the third 0 atom is present in an ether-like bond. STRAIN (14) demonstrated its presence in green leaves and showed that it is adsorbed above lutein on a magnesia column. STRAIN'S measurements of its absorption curve in ethanol solution located the maxima of the two flavoxanthin isomers at 4220 and 4520 A. Among the seven xanthophylls which STRAIN isolated from green leaves, flavoxanthin alone has absorption maxima at these positions.
According to the absorption data in table I for Fraction 6, Sample I, this fraction was a flavoxanthin. Fraction 7, Sample II, does not check well with STRAIN's data, and it is probable that this fraction contained impurities which rechromatographing would have removed. A third fraction, 21 from Sample III, also possessed maxima whose positions approximated those of flavoxanthin. However, in view of its relative adsorbability and the lack of agreement in details with the spectral adsorption curve of flavoxanthin, it is improbable that this fraction contained flavoxanthin.
AUROXANTHIN
This pigment, isolated and described by KARRER and RUTSCHMANN (7, 8), is distinguished by sharp absorption maxima of equal intensity located at 4030 and 4280 A. Absorption maxima of lesser intensities are located at 3820 and 2940 A.
The absorption data for Fraction 8, Sample I, and Fraction 12, Sample II, had very sharp absorption maxima which checked closely with the two principal absorption peaks of auroxanthin. As in the case of auroxanthin, inflections between 4400 and 4500 A were present. No examination of the absorption was made in the region below 3500 A. In our preparation there were shelves instead of peaks in the region 3800-3900 A. Furthermore, the densities at 4280 and 4030 A were unequal. Further work on a more highly purified preparation would be necessary to establish the identity between this pigment from potato tubers and auroxanthin.
The remainder of the hypophasic pigments listed in table I could not be identified.
EPIPHASE FRACTIONS The epiphase portion of Sample I was dissolved in Sk F and adjusted to a volume of 50 ml. For chromatographic analysis, an aliquot of 5 ml. was poured on a column of MgCO3 on top of which was a layer of confectioners' sugar. Elution with Sk F alone separated the yellow bottom zone which was the main fraction. Six other zones were developed and separated by elution with solutions of ethanol in Sk F, starting with a 0.1% solution and going by steps to a 3% solution. The third zone from the bottom was further fractionated into a blue zone (which later in the course of elution changed to a green color) with a yellow zone immediately above it. The fourth zone from the bottom was green in color. On top of the layer of sugar there was a blue zone which could not be eluted with a 3% ethanol solution. These interesting zones were not examined spectrophotometrically.
The bottom zone (fraction 1) was rechromatographed on the same type of column. A major bottom zone (fraction 1-1) with two yellow zones adsorbed above it were separated. Absorption curves of these upper zones showed no maxima or minima; both fractions showed a continuous increase in density with sharp increases in rate at 3800-3700 A. The curves were similar to the absorption curves of the first zones eluted from the hypophase fractions.
In the course of this work on the epiphase solutions, commercial betacarotene was purified by several recrystallizations from Sk F by additions of ethanol and its absorption spectrum was measured. The data will be given here for comparison with the carotene fractions listed in The epiphase solution of Sample II also was a complex mixture of carotenoid pigments. An aliquot of 5 ml. from a stock solution of 50 ml. was chromatographed on a column of MgCO3. At least nine zones were developed, six of which were obtained separately by elution. The third zone from the bottom was a composite of an orange zone, two yellow zones, and a greenish zone. The sum of the densities measured at 4500 A was 94.6% of the unchromatographed epiphase solution, evidence of minor loss only.
As in the case of Sample I, the bottom zone was the main fraction; measured at 4500 A its density was 42% of that of the total carotenoids in the epiphase solution and 9%o of the total carotenoids in both hypophase and epiphase solutions. Calculated as carotene, this fraction was present in a concentration of 0.31 p.p.m., dry weight.
Referring to the spectrophotometric details given under 1, Sample II, in table II, the broad absorption maximum at 4485-4520 A, the shift in position of maxima and minima toward the ultraviolet and the presence of a shelf in the curve at 4250-4300 A indicate that this fraction was a mixture of stereoisomers. The relative densities checked with those of all-trans-betacarotene with the exception that the curve in the region of 4300 A was about 10% too high.
Fraction 2, adsorbed immediately above fraction 1, was particularly interesting since the relatively high density from 4270 to 4330 A indicates a carotenoid component with an absorption maximum in this region. This point will be reexamined later.
Analyses of the absorption curves of the other zones in Sample II indicated that they too were mixtures, a peculiarity of the third (composite) zone from the bottom being the presence of a pronounced absorption peak at 4120 A.
This run confirmed the results of the analysis of the epiphase fraction of Sample I in showing that a column of MgCO3 even when cooled below -500 C. was not efficient in separating. epiphasic pigments, at least in a single chromatography. Very probably repeated chromatography would have given a better separation. The results clearly show, however, that in the absence of factors such as treatment with SO2 and drying, a complex mixture of pigments is obtained not only in the hypophase, but also in the epiphase fraction.
When a 10-ml. aliquot of the epiphase fraction of Sample III (100 ml. Sk F) was chromatographed on MgCO3 spectrophotometric measurements of the bottom (main) fraction (table II, Sample III; Run 1-a) showed at once that the relative density at 4275 A was much higher than was the case in the other two samples. This high ratio was present also in the case of the other three upper zones. Rechromatographing this first fraction on a column with a bottom layer of confectioners' sugar, a main layer of Ca (OH)2, and a top layer of MgCO3, did not change essentially the relative density at 4275 A. Calculated in terms of carotene, this first fraction was present in a concentration of 0.61 mg. per kg. dry weight, almost twice the values obtained for the "carotene" fractions of the first two samples, evidence that it was impure. This bottom zone had a density at 4400 A that was 55% of the total epiphasic density.
The separation was repeated using a 30-ml. aliquot and chromatographing twice on columns of MgCO3, a middle layer of equal parts of MgCO3 and Ca (OH)2, then a bottom layer of confectioners' sugar. Five zones were separated. The ratios of the density values at 4300 and 4500 A were 75 and 238%o for the bottom and top zones respectively, showing definitely that both the main fraction in the previous run and the zones adsorbed above it had been contaminated with a pigment absorbing strongly near 4300 A.
The top zone was then chromatographed three times on a column of 2parts of Ca(OH)2 to 1 part of MgCO3. The final product was characterized by a density at 4300 A that was 626% of the density at 4500 A. Detailed spectrophotometric analysis of this fraction dissolved in ethanol showed the characteristics listed in table II, Sample III, Run 1-b, Fraction 1-a-5---c-2. In spite of repeated chromatographic analyses, this yellow fraction contained a lower pink zone in relatively small amount which could not be eluted separately. Apparently it did not interfere with the absorption of the yellow zone as the peaks and minima of the latter were very sharp, and corresponded closely with values for a carotenoid given the provisional name of e-carotene by STRAIN and MANNING (15). This carotene has been found in carrots, yellow corn, and in certain strains of tomatoes. A review of the literature has been given recently by NASH and ZSCHEMIE (11) who have measured its absorption spectrum and present specific absorption coefficients. They state that e-carotene exhibits typical isomerisation phenomena and suggest that it may occur in nature in a wide variety of sources. Recently PORTER, NASH, ZSCHEILE, and QUACKENBUSH (12) have found that e-carotene is biologically inactive as provitamin A.
To check on the carotene nature of sub-fraction 1-a-5-c-2 (a-carotene)
it was dissolved in Sk F and shaken for one hour at room temperature with 20 ml. of a saturated solution of KOH in methanol. Subsequent partition by shaking with methanol showed that no pigment transferred to the methanol layer, and that therefore e-carotene is not an esterified carotenol.
It was then transferred to ethanol, made up to volume, and remeasured after a month's storage at -4°C. A marked general decrease in density was noted. A slight maximum at 3550-3600 A and a slight minimum at 3600 A were observed.
The presence of e-carotene was confirmed by a second preparation (Run 2). A subsample of III weighing 334 gm. was extracted by grinding overnight in the ball mill in the presence of two grams of CaCO3 using specially purified absolute ethanol. An aliquot of the filtrate equivalent to 230 gm. then shaken twice in two 500-ml. portions with successive charges of 25 ml. of methanol saturated with KOH. The pigments were partitioned in the usual manner between 92% methanol and Sk F and the two fractions obtained were then transferred to Sk B.
Twenty-five ml. of the epiphase fraction (100 ml.) were chromatographed on a column composed of 40% of Ca(OH)2 and 60% of MgCO3. This separation was unsuccessful; so the pigments were eluted with 4%o 0 .16 (see table II , Sample III, Run 2-d; compare with 1-a-5-c-2) checked with those of the previous run and showed moreover a slight peak at 3600 A. This curve is reproduced in figure 1 . In this run the amount of $-carotene obtained was 134%c of the amount obtained in the 4500  4775  4275  4450  4760  4500  4725  4475  4725  4500  4750  4250-4275  4240  4000  3800  4525  4775  4500  4750  4260  4010 As noted above, the top zone was chromatographed three times on columns consisting of 2 parts of Ca (O11)2 and 1 part of MgCO3 in the separation and purification of e-carotene. A fraction obtained after the first chromatographic separation was further resolved and studied in detail. Pertinent data are given in table II under fraction 1-a-S-a. The absorption curve indicated that an unidentified cis type of carotenoid was present.
Discussion
In this work, in spite of the fact that the total amount of carotenoids available for investigation was only about 3 mg., at least a dozen different zones representing different carotenoid pigments were developed on chromatographic columns though not all these could be separated in a form suitable for analysis.
Among them perhaps the most interesting were the two pigments with sharp major absorption peaks around 4000 and 4250 A. One of these was in the hypophase portion and was located at the top of columns of confectioners' sugar. As already noted, the location of the two major absorption peaks agrees fairly closely with those reported by KARRER and RUTSCHMANN (7) for auroxanthin. Their method of separation emphasizes the tenacity with which this pigment is adsorbed, for they employed a column of zinc carbonate, a mild adsorbent, and used for elution a mixture of 1 part of methanol to 2 parts of ether. Their source of material was the flower, Viola tricolor. From KARREB's laboratory a series of recent reports have clarified the relation between major carotenoids and their oxidation products. In gen-eral, a carotenoid lacking oxygen or containing oxygen only in the form of hydroxyl groups is treated with monoperphthalic acid. This results in an epoxy compound, the oxygen introduced bridging two adjacent carbon atoms in the /8-ionone ring. These epoxy derivatives are very sensitive to the action of acids. For example, the minute amount of HCl in "aged" chloroform will rapidly transform dissolved epoxy carotenoids to furanoid oxide isomers. As a result marked displacements of the absorption maxima toward the ultraviolet occur. Specifically KARRER and JUCKER (5) found that lutein epoxide isomerized to form two carotenoids which were identical with flavoxanthin and chrysanthemaxanthin, each containing two -OH groups with the third oxygen atom in an ether-like union. Zeaxanthol has two cyclohexenyl rings and so forms a mono-epoxide and a di-epoxide which were found to be identical with antheraxanthin and violaxanthin respectively. Treated with acid, antheraxanthin isomerized to mutatoxanthin, while violaxanthin isomerized to auroxanthin. The acid treatment split off oxygen to some extent from violaxanthin so that mutatoxanthin and the starting material, zeaxanthin, were also present.
They further found by the same technique (6) that ,8-carotene also forms a mono-epoxide and a di-epoxide. Treated with acid the former isomerized to mutatochrome and the latter to aurochrome.
Thus from known carotenoids easily obtained in relatively large amounts, other carotenoids, most of them previously isolated from natural sources in small amounts, were prepared by in vitro chemical reactions. KARRER and JUCKER believe that the in vitro method of preparation essentially parallels the processes in the plant which produce these less abundant carotenoids.
It follows then that the detection of auroxanthin in Sample II (undried) implies the presence of violaxanthin and zeaxanthin. These two carotenoids may have been among the fractions studied, but they could not be detected with certainty, probably because the impurities or cis stereoisomers present obscured the none too distinctive absorption spectra. The absorption spectrum of auroxanthin is quite characteristic distinguishing it sharply from all other hypophasic carotenoid pigments, so that its presence in Samples I and II seems to be fairly certain.
It is possible that auroxanthin may be widely distributed and that the reason it has not been generally noted is the fact that only a mild adsorbent with an eluent containing a polar solvent serves to separate it. One would expect it to be held in an uppermost zone on a column such as magnesium oxide. In this connection it is of interest that STRAIN (14) in his monograph on leaf xanthophylls records 11 zones separated on columns of magnesia. The topmost three zones, orange-yellow in color, are denoted as mixtures with two absorption maxima, one at 4500 A and an "indefinite" maximum at a shorter wave length. The authors suggest that one or more auroxanthin-like compounds may be separated by rechromatographing these upper three zones on a column of either confectioners' sugar or on Na2SO4 10H20.
The second pigment of this type was e-carotene, appearing in the crude carotene fraction of Sample III. Unfortunately, due mainly to the fact that the aliquots taken for chromatographic analyses were too small, its presence in the carotene fractions of the other two samples could not be definitely established. Another factor which very probably was largely responsible for its apparent absence was the fact that in Sample II the epiphase had been stored in ethanol for 20 days. As STRMN (15) and NASH and ZscHEIIE (11) have observed, e-carotene rapidly oxidizes in polar solvents. Unfortunately this fact was not recognized in the present work so that the concentration of i-carotene reported for Sample II is very probably too low. Furthermore, Sample I had been ground to a fine powder so that e-carotene, if present, would have been exposed to conditions making for maximum oxidation. In the case of Sample III, only a week elapsed from the extraction of the sample to the storage of the epiphase in Sk B.
KARRER and JUCKER (6) state that the absorption spectra of auroxanthin and aurochrome are practically identical. Similarly there is a close agreement between the absorption maximum of auroxanthin and that of e-carotene. Aurochrome is adsorbed above /-carotene on a column of ZnCO3.
Similarly, e-carotene is a-dsorbed above fl-carotene on a suitable column.
In view of these facts the authors suggest that s-carotene is identical with aurochrome and therefore is derived from ,8-carotene by oxidation to the di-epoxide followed by isomerisation to the furanoid oxide form thus reducing the number of conjugated double bonds and displacing the positions of the absorption maxima toward the ultraviolet. If the two pigments are identical then "e-carotene" like aurochrome should, when its ethereal solution is shaken with 25% HCI, show a stable deep blue color. Whether a-carotene does so react with concentrated HC1 is unknown at present.
Although the total amount of carotenoid pigments present in the undried sample of Katahdin potatoes (II) was approximately 3 mg. per kg. dry weight, it was sufficient to give the dried product a marked yellow color. It is interesting to note that dehydration of this sample lowered the total carotenoid content only 10%.
The concentration of beta-carotene was about 10% of the total carotenoids present and obviously it was present in such small amounts as to be negligible from a nutritional point of view. Summary 1. The Katahdin variety of potato, when harvested in a relatively immature.condition, contains a complex mixture of carotenoid pigments. The concentration of total pigments was about 3 parts per million, dry weight, a concentration sufficient to impart a yellow color to the dehydrated product.
2. Lutein was found in two of the three samples studied, in concentrations of 0.50 and 0.77 parts per million, dry weight. A pigment corresponding to isolutein was present in one sample. 3. A flavoxanthin was found in one sample and tentatively identified in a second sample.
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